Close to 19 million US adults have severe mental illnesses (SMI), and they die, on average, 25 years earlier than the general population, most often from cardiovascular disease (CVD). Many of the antipsychotic medications used to treat SMI contribute to CVD risk by increasing risk for obesity, type 2 diabetes, dyslipidemia, and hypertension. Based on compelling evidence, the American Diabetes Association and the American Psychiatric Association developed guidelines for metabolic screening and monitoring during use of these medications. In this manuscript, we have reviewed the evidence on diabetes and other CVD risk screening, prevalence, and management among populations with SMI. We also review differences in screening among subpopulations with SMI (e.g., racial/ethnic minorities, women, and children). We found that despite national guidelines for screening for diabetes and other cardiovascular risk factors, up to 70 % of people taking antipsychotics remain unscreened and untreated. Based on estimates that 20 % of the 19 million US adults with SMI have diabetes and 70 % of them are not screened; it is likely that over 2 million Americans with SMI have unidentified diabetes. Given that undiagnosed diabetes costs over $4,000 per person, this failure to identify diabetes among people with SMI represents a missed opportunity to prevent morbidity and translates to over $8 billion in annual preventable costs to our healthcare system. Given the high burden of disease and significant evidence of suboptimal medical care received by people with SMI, we propose several clinical and policy recommendations to improve diabetes and other CVD risk screening and care for this highly vulnerable population. These recommendations include reducing antipsychotic medication dose or switching antipsychotic medications, enhancing smoking cessation efforts, sharing electronic health records between physical and mental health care systems, and promoting integration of care.
INTRODUCTION
The prevalence of severe mental illness (SMI; e.g., schizophrenia, bipolar disorder) has been estimated to be about 6 % of the US population, or 19 million people nationwide. 1, 2 Although the majority of people with SMI are cared for in mental health care settings, primary care physicians-particularly those serving safety net populations-often see these patients as well. 3, 4 People with SMI die on average 25 years earlier than the general population, most often from premature cardiovascular disease (CVD). [5] [6] [7] This mortality gap represents a formidable health care disparity, leading to calls by the Surgeon General and the Institute of Medicine for increased public health attention in this area. 8, 9 Secondgeneration antipsychotic medications (SGAs) contribute to this CVD risk [10] [11] [12] and dominate the US antipsychotic medication market. 13, 14 
SMI and Cardiovascular Disease
People with SMI have higher rates of the metabolic syndrome and CVD compared to the general population (40 % vs.
%)
. 5, 6, [15] [16] [17] [18] In the Clinical Antipsychotic Trials of Intervention Effectiveness (CATIE) schizophrenia trial, a large National Institutes of Mental Health-funded pragmatic clinical trial (N = 1460), the 10-year coronary heart disease risk was significantly higher among people with schizophrenia than among a randomly selected, age-, gender-, and race/ ethnicity-matched National Health and Nutrition Examination Survey (NHANES) reference group (men 9.4 % vs. 7.0 %; women 6.3 % vs. 4.2 %, p < 0.001). 17 In the fasting subset of the CATIE study population (N = 689), the prevalence of the metabolic syndrome was 36 % among people with schizophrenia-significantly higher than the 20 % prevalence observed in a randomly selected age-, gender-, and race/ethnicity-matched NHANES reference group. 15, 19 
SMI and Tobacco Use
Smoking rates among the SMI population are remarkably high (59 % of people with schizophrenia smoking vs 18 % in the general population). [20] [21] [22] The CATIE trial found similarly high smoking rates among CATIE participants compared to matched NHANES controls (men 73 % vs. 37 %, p < 0.0001; women 56 % vs. 28 %, p < 0.0001). Unfortunately, internal tobacco industry documents highlight a targeted effort to increase smoking in this population through provision of cigarettes in psychiatric settings, blocking hospital smoking bans, and funding research claiming people with schizophrenia were less susceptible to the harms of tobacco and needed tobacco as self-medication. 23 There is strong evidence that tobacco use is an important remediable factor that contributes to high risk for CVD. 24 In addition to smoking, other behavioral factors are prevalent among this population, including poor diet and lack of exercise. 25 
SMI and Type 2 Diabetes
People with SMI have much higher risk of developing diabetes. 26 In a recent a meta-analysis, people with SMI had a pooled risk ratio for type 2 diabetes of 1.70 (1.21-2.37) (Fig. 1) . 26 When restricting analysis to people with schizophrenia, the risk of diabetes increases to 1.87 (1.68-2.09). In the Schizophrenia Patient outcomes Research Team (PORT) field study of people with schizophrenia from 1994 to 1996, the age-adjusted prevalence of self-reported diabetes was close to 15 %, almost twice as high as the U.S. population (9.3 %). 27, 28 Since that time, other reports suggest even higher rates, with the prevalence of diabetes in people with SMI typically being twofold to threefold higher than age-matched samples from the general population. 10, [29] [30] [31] [32] [33] [34] [35] We are aware of only two large studies examining pre-diabetes among people with schizophrenia. 36, 37 One study of older veterans with schizophrenia (mean age 59.6 yrs) screened for diabetes (N = 12,587, >95 % men) found that 42 % of these patients had pre-diabetes, which is comparable to 50 % of U.S. elderly adults. 28, 36 In a European cohort of adult psychiatric inpatients (N = 413), 37 % had prediabetes, which is comparable to the general population.
28,37

Antipsychotic Medications and Cardiometabolic Risk
Consistent evidence from a large number of studies using a variety of research methodologies indicates that many SGAs increase risk for obesity, dyslipidemia, type 2 diabetes and other metabolic abnormalities, with similar evidence for some first generation antipsychotics, although fewer studies have focused on these medications due to reduction in their use over the past two decades. 15, 16, 38, 39 Notably, different antipsychotics are associated with different levels of metabolic risk (Table 1) . 39, 41, 42 For example, risk for weight gain and obesity, a well-established risk factor for both diabetes and cardiovascular disease, is generally highest for clozapine, olanzapine and low potency phenothiazines, like the first-generation antipsychotic (FGA) chlorpromazine. 39 There is substantially lower but still intermediate risk for weight gain and obesity with risperidone, quetiapine, asenapine, and iloperidone, as well as high potency FGAs like haloperidol and fluphenazine. 39 There are lower levels of observed risk for weight gain and obesity for ziprasidone, aripiprazole and lurasidone. 39 Risk for incident diabetes among large samples of SGA users is also highest for clozapine and olanzapine, but not insignificant for the other FGAs. 41 The 10-year coronary heart disease risk differs significantly between antipsychotic agents, with olanzapine producing the greatest risk among medications studies in the CATIE trial. 43 Proposed mechanisms for antipsychotic-induced weight gain and other metabolic effects include activity at the D2 receptor, antagonism (or inverse agonism) at 5HT2C, antagonism at 5HT2A serotonin receptors, antagonism at alpha (1A) adrenergic receptors and especially antagonism at histamine (H1) receptors. 11, 12, [44] [45] [46] [47] Weight gain has long been associated with centrally active drugs with high affinity for the H1 receptor, with H1 antagonism known to increase feeding and sedation. 48, 49 These combined mechanisms suggest that weight gain during antipsychotic treatment may be related to alterations in satiety signaling leading to increased energy intake, and increases in sedation leading to reduced energy expenditure.
Screening for Type 2 Diabetes and other Cardiovascular Disease Risk Factors among People with SMI
Because the evidence for medication-related risk for diabetes was so compelling, in 2004 the American Diabetes Association (ADA) the American Psychiatric Association (APA) recommended annual metabolic screening for anyone taking SGA medications, regardless of age or predisposing factors. 50, 51 Specifically, ADA/APA guidelines recommend quarterly weight and BMI measurements; annual monitoring of blood pressure, fasting glucose, and waist circumference; and fasting lipids every 5 years or Bmore frequently if clinically indicated.^5
1 Unfortunately, over 10 years after publication of these diabetes screening guidelines, 70 % of people taking SGAs remain unscreened for diabetes or dyslipidemia. [52] [53] [54] [55] [56] Based on estimates that 20 % of the 19 million US adults with SMI have diabetes 26 and 70 % of them are not screened for diabetes 53, 57 ; over 2 million Americans have unidentified diabetes. Given that undiagnosed diabetes costs over $4,000 per person, 58 this failure to identify diabetes among people with SMI represents a missed opportunity to prevent morbidity and translates into over $8 billion in annual preventable costs to the healthcare system.
To our knowledge, there are no studies on preventing prediabetes progression to diabetes among people with SMI. Given evidence that treatment of pre-diabetes can prevent diabetes, 59 lack of diabetes screening is a missed opportunity to prevent diabetes. 36 In a community sample, among people with schizophrenia who reported they had diabetes, 41 % reported not receiving antihyperglycemic treatment. 65 In another study of diabetes patients, those with SMI were 29 % less likely to be prescribed cholesterol-lowering statin medications, and 20 % less likely to be prescribed angiotensin-converting enzyme inhibitors or angiotensin receptor blocking agents than diabetes patients without SMI. 66 In a large VA study (N = 313,586) of people with diabetes, failure to meet diabetes performance measures was more common among people with mental illnesses, adjusting for various confounders, with AOR1. 61 Several studies speculate whether access to care, care coordination, provider biases, or patient-specific factors contribute to the poor diabetes care for this population. 67, 68 Interestingly, although diabetes-specific knowledge among people with comorbid SMI and diabetes is lower among people with diabetes without SMI, 69 people with SMI appear to be receptive to medication and disease self-management strategies when these are available. 67, 68, 70 A large VA study (N = 22,014) found that adherence to oral hypoglycemic medications was actually better among diabetes patients with schizophrenia than patients without schizophrenia (57 % vs. 48 %, p < 0.001). 71 Additionally, people with schizophrenia attend weight loss programs if these are provided, [72] [73] [74] although whether their attendance rates are comparable to those without SMI has not been studied.
Particularly Vulnerable Subpopulations with SMI
Racial and Ethnic Minorities. No studies have been large enough to meaningfully examine differences in metabolic risk between racial/ethnic populations with SMI. This is a major oversight considering the differential rates of metabolic abnormalities among diverse samples in NHANES. 19, 75 In addition, significant disparities in quality of care for minority populations are well documented. 76 85 In a large study of older veterans with schizophrenia taking FGA or SGA medications, African Americans had increased odds of elevated blood glucose levels suggestive of diabetes (OR 1.19, 95%CI 1.05-1.36, p < 0.01). 36 Another study of Medicare enrollees with schizophrenia (N = 14,182) found that African Americans with schizophrenia had significantly higher rates of diabetes than Caucasians (15.5 % vs. 11.7 %, p < 0.001), even before the wide-spread use of SGA medications. 27 Small studies found a higher prevalence of the metabolic syndrome among Hispanics with SMI taking antipsychotics, ranging from 35 % to 74 %. 86, 87 However, other studies have yielded conflicting results--with no statistically significant differences between racial/ ethnic groups. 88 These mixed findings demand examination in a large diverse prospective cohort study.
& Treatment of diabetes and other cardiovascular disease risk factors:
An administrative database analysis of Medicaid recipients taking risperidone (N = 51,330) or olanzapine (N = 51,302) revealed that African American race was a significant predictor of diabetic ketoacidosis, indicating concerning under-detection and undertreatment of diabetes among this subpopulation. 83 Hispanics with schizophrenia in CATIE had worse treatment rates for any metabolic abnormality (diabetes, hypertension, or dyslipidemia) when compared to nonHispanics (21 % vs. 39 %). 89 Youth. Children and adolescents appear to be particularly sensitive to metabolic side effects from SGAs. A retrospective cohort Medicaid study of 28,858 children or youth (6-24 years old) initiating antipsychotic medications-87 % taking SGAs, predominantly risperidone-was compared to 14,429 matched controls and found that users of antipsychotics had a threefold increased risk for type 2 diabetes (HR = 3.03 [95 % CI = 1.73-5.32]), with a significantly increased risk with higher doses. 90 When the cohort was restricted to children 6-17 years old, antipsychotic users had even higher risk of type 2 diabetes (HR 3.14 [95%CI 1.50-6.56), with incidence increasing with higher doses. 90 In another recent study of young adults (15-40 years old) with first-episode schizophrenia spectrum disorders, 15.4 % (43/394) had hemoglobin A1c-defined prediabetes. 91 Women. In the Schizophrenia PORT field study (N = 719), Medicaid sample (N = 6066) and Medicare sample (N = 14,182), all found that women with schizophrenia had higher rates of diabetes than men (field study: 21.9 % vs 10.8 %, p < 0.001; Medicaid: 15 % vs. 4.3 %, p < 0.001; Medicare: 16.7 % vs. 8.8 %, p < 0.001). 27 In the CATIE trial, women with schizophrenia were found to have significantly higher rates of the metabolic syndrome than men [51.6 % vs. 36.0 %, p < 0.0002]. 15 This finding is different than the general population, where the prevalence of diabetes is greater among men than women. 92 To our knowledge, there are no clear explanations for this disparity in care. Nonwhite women in CATIE were especially vulnerable to undertreatment of dyslipidemia and diabetes compared to nonwhite men, 89 which is consistent with the missed opportunity in treatment of diabetes for women in the general population. 93 
Clinical and Policy Implications
Given the premature mortality among people with SMI, strategies to reduce cardiovascular risk must be prioritized. Strategies can and should include:
1. Reducing antipsychotic medication dose or switching medications 2. Enhancing smoking cessation efforts 3. Sharing electronic health records between physical and mental health care systems 4. Promoting integration of care Switching Antipsychotic Medications. There has been significant recent controversy between guidelines and systematic reviews on whether to change antipsychotics. Although ADA/APA guidelines recommended switching antipsychotic medications to those with lower metabolic risk, 51 systematic reviews did not endorse switching medications to improve metabolic outcomes. 67, 94 In an updated literature review including two large RCTs, there is sufficient evidence supporting an elective switch from higher to lower metabolic risk antipsychotics (either FGA or SGA) to produce weight and lipid benefits without significant risk of clinical deterioration. 42 When making an elective change of antipsychotic medications, we recommend careful risk/benefit assessment with the patient. 42 Several strategies have been outlined to help clinicians switch to new antipsychotic medications. 95 Each strategy has advantages and disadvantages, and the chosen strategy should be tailored to the individual patient. 96, 97 Studies also support a gradual discontinuation of the current antipsychotic medication-rather than abrupt discontinuation-in order to minimize decompensation early in the switching process. 42 For primary care providers who are considering a switch of antipsychotic medications to achieve metabolic benefit, we recommend comparing metabolic side effect profiles (Table 1) , considering either FGA or SGA medications, close consultation with a psychiatrist with experience in using a variety of antipsychotic medications, and closely monitoring mental health during cross titration. If switching is not preferred by the patient, appropriate ongoing discussion of the risks versus benefits of treatment is recommended. Finally, for patients receiving antipsychotics where evidence indicates a dose response associated with weight gain (e.g., olanzapine), clinicians could consider a slow taper to reduce metabolic complications while maintaining clinical stability. 42 Take home point: It appears that most antipsychotics confer some risk, regardless of class, and our recommendation is to use medications with lower metabolic risk.
Enhancing Smoking Cessation Efforts. Although treatment of metabolic abnormalities is critical, nothing has a greater impact on reducing cardiovascular risk than smoking cessation. Given that over half of people with schizophrenia smoke, [20] [21] [22] and smoking is a known risk factor for CVD , 24 it is vital that community mental health providers focus on smoking cessation. If pharmacological treatment is preferred, the strongest evidence for effective smoking cessation medications among people with schizophrenia lies with bupropion and smoking cessation counseling. 67, 98 In addition to pharmacological treatment, other behavioral interventions (e.g., motivational interviewing and cognitive behavioral therapy) appear promising for this vulnerable population.
99-101
Take home point: Treat smokers with SMI with medications and/or groups.
Sharing Electronic Health Records. Most physical and mental health care systems operate in separate silos (digitally, financially,operationally), which makes managing healthcare among people with SMI challenging. 3, 4, 102 Reliable capture of diagnostic information (mental and physical), actual laboratory values, accurate demographic information, and non-pharmacologic interventions (e.g., smoking cessation counseling) is often inconsistent across these separate databases. 53, 54, 103, 104 Unfortunately, multiple barriers-confidentiality, stigma, billing, and policy disincentives-impede integration of electronic health records between behavioral health and primary care providers. 105 Unfortunately, the Behavioral Health Information Technology Act (S. 1517), which aimed to extend Medicaid and Medicare incentive funds to mental health providers and facilities that demonstrated meaningful use of electronic health records, could have reduce health care disparities for this vulnerable population, but was deemed too costly. 105 It is imperative that providers caring for people with SMI advocate locally and nationally for shared electronic medical records, which could drastically improve the care for this vulnerable population.
Take home point: Advocate for sharing electronic health records between public mental and physical health systems.
Integration of Care. Although community mental health clinics (CMHCs) provide services to the vast majority of people with SMI-more than 3.5 million adults served each year-close to 50 % of these clinics do not have a standard primary care referral process. 4, 106 In addition, because of poor funding in certain regions, Community Health Clinics (CHC) serve this population without support of mental health providers. One way to ensure improved cardiovascular disease risk screening and care is to invest in integration of behavioral and primary care programs. Thankfully, there has been a renewed emphasis on this reintegration in the context of health care reform. 62, 107 However, a recent Cochrane review has failed to identify a leading evidence-based model to improve the medical care for people with severe mental illness. 108 It is worth considering whether CMHCs should be the primary care medical home for this patient population. 107 Primary care providers could, and should, be co-located in community mental health clinics to serve patients who are too psychotic or disorganized to access care in traditional primary care clinics. The SAMHSA-funded Primary and Behavioral Health Care Integration (PBHCI) Grant Program was a step in the right direction in providing some evidence of effective programs to improve the medical care of this population. 109 Mixed results, economic constraints, and the lack of sustainability resulting from PBHCI programs calls for larger NIHfunded studies to examine these models rigorously. 110 Although most psychiatrists are aware of the metabolic risk of antipsychotic medications, many psychiatrists are loathe to treat metabolic abnormalities identified upon screening. 4, 104 Given the logistic, regulatory, and financial challenges for many CMHCs in having on-site primary care, administrators could consider having psychiatrists initiate treatment for diabetes, hypertension and/or dyslipidemia with primary care consultant support. This model would effectively be Breverseĉ ollaborative care 111 (collaborative care is supported by over 20 RCTs as a program to screening and treatment of depression in primary care). 112 Medication algorithms have been developed for psychiatrists, 113 but these could benefit from less complexity, considering the culture shift required for psychiatrists to expand their scope of practice.
With regard to CHCs, many primary care providers are unaware of the ADA/APA recommendations for annual screening for diabetes among people taking SGAs, regardless of age or other predisposing factors. 51, 103 System-wide efforts to educate primary care providers of these guidelines and options for switching antipsychotic medications should be implemented.
Take home point: Models to improve the medical care received at CMHCs need to be developed since these are the default medical home for this population Taking these recommendations into account and returning to the case, Dr. Barton decided to work on smoking cessation as a first step to reduce Mr. Ortiz' cardiovascular risk, since switching antipsychotic medications is not currently an option. She starts Mr. Ortiz on bupropion and encourages him to join a smoking cessation group being offered in the clinic. Dr. Barton also talked to the clinic's medical director, who gave her approval to initiate metformin to treat his pre-diabetes. Dr. Barton identified food insecurity and talked to Mr. Ortiz about affordable food choices to reduce his risk of diabetes. Dr. Barton's experience with this patient inspired her to join the integration of care committee in her local public health system and advocate for better health care for her patients. Currently, this committee is discussing which variables should be included into the electronic health record as part of meaningful use, and how to enhance communication between primary care and mental health.
SUMMARY
Adults with SMI die, on average, 25 years earlier than the general population, most often from premature cardiovascular disease. Antipsychotic medications contribute to this problem since many of these medications increase the risk of diabetes, hypertension, dyslipidemia, and obesity. These effects are generally highest for second generation medications like clozapine and olanzapine, and low potency first-generation antipsychotics like chlorpromazine. Despite national diabetes screening guidelines for people taking these medications, people with SMI are unlikely to receive screening for diabetes or other cardiovascular disease risk factors. Even when diabetes or other cardiovascular disease risk factors are identified, people with SMI are often undertreated. These disparities are even more evident for specific subpopulations of people with SMI, including minorities, women and youth. Potential clinical and policy solutions that should be considered include switching antipsychotic medications, encouraging smoking cessation, integrating electronic medical records, and promoting integration of care efforts.
